Induced Resistance to Polyene Antibiotics It has been shown ) that candida can be made resistant to polyene antibiotics by numerous transfers into increasing concentrations of antibiotics, and that the resistant isolates show profound differences in their morphology and biological characteristics.
The resistant isolates are appreciably less pathogenic than the parent normal isolates. This suggests that if such resistant variants are found in nature, which has not yet happened as far as I know, they too will be less pathogenic than normal isolates. Candida is not very pathogenic at the worst of times, so if resistant isolates emerge owing to exposure to antibiotics and antibiotic mixtures, they are not likely to present a serious clinical problem.
Alkylating agents are now being used to obtain one-step mutants, as distinct from mutation in numerous steps, and the differences between these and their parent sensitive isolates are being studied further. Candidas made resistant in the laboratory by numerous transfers into increasing antibiotic concentrations, that is to say those described by Athar & Winner, have been exposed to the mutagenic agent N-methyl-N-nitro-N-nitrosoguanidine. After exposure two colonies were isolated which grew in the presence of 150-200 pg per ml of nystatin. When plated out these showed both large and small colonies which bred true on subculture. The resulting four mutants are now being examined. All have almost completely lost their ability to form mycelium, which was marked not only in the parent sensitive isolates but in the multi-step resistant isolates derived from them. Germ tube formation in serum is very poor and not merely delayed as in the parent resistant isolate. The mutants also grow more slowly, and are larger and more elliptic than the parents. They are agglutinated by C. albicans antiserum but to lower titres than shown by the original organism or its multi-step descendent. They show no cross-resistance with the non-polyene antibiotics 5-fluorocytosine, clotrimazole and pyrrol-nitrine.
The fact that these one-step mutants produce nomycelium maybeof clinical importance. Ifsuch a mutant were isolated from a clinical specimen in a routine laboratory it might well be regarded as being not a candida, because of the lack of mycelium, but some other, banal, yeast. It is therefore possible that such mutants are being missed in clinical laboratories. This may account for the failure to find them in clinical specimens.
We are also studying the effect of sterols on amphotericin B resistance. It has long been known that the inhibition of fungal growth by polyenes can be prevented by the addition of sterols, especially ergosterol, to the medium. This has wide implications in cytology.
Further studies in progress are: (1) The effect of pH, temperature and EDTA on polyene activity. (2) The relation between zone size and mean inhibitory concentration on sensitivity plates.
Ultrastructure
We are studying the ultrastructure of candida, as revealed by cut sections of the organism examined with the electron microscope. The cell wall consists of four zones. There is an external zone which appears to consist of radial filaments (Fig 1) and is probably composed of mannan, protein and chitin. Internal to this is a narrow, densely staining zone, probably com-,posed of hydroglucans. A wider, lightly staining zone follows this which is probably composed of glucans. Within this is the cell membrane, plasma membrane or plasmalemma. This shows a number of irregularities which appear on section to be protuberances into the cell, and frequently have bizarre shapes.
The various stages in the budding of a candida are being studied. After the bud first appears the cell becomes constricted. The constriction deep-I, ens; there is division of the mitochondria and f nucleus and the other cell contents. Finally the constriction is complete and the two daughter cells become detached from one another (Fig 2  A , B, C).
We are also studying the location of antigens within the cell wall.
Immunity Studies
It has been confirmed that C. albicans can be . differentiated into two antigenically different groups, A and B, on the basis of both agglutina-K tinn and nr pinitin rp.rtinne (IHne.nc'le.vefr tt at 1961). Cell wall and somatic antigens of types A and B were extracted using water, chloral Fig 2A, B , c Successive stages in hydrate at 80°C, and formamide, the latter being the cell division ofC. albicans our standard method. Somatic antigens were also prepared by sonic disintegration and Mickle extraction. In our hands the latter was the more effective method. We are also attempting to 2 1 7 -rl I -P 1 somatic protein antigens. This is obviously relevant to the development of delayed hypersensitivity.
We are also studying, in mice, the effect of immunization on the uptake by lymphocytes of tritiated thymidine, on lymphocyte transformation, and on the activity of peritoneal macrophages (Evron 1972) .
Each of 4 groups of mice was sensitized by one of the following antigens: (a) heat inactivated cells, (b) cell wall polysaccharide fraction,v( somatic fraction, (d) living organism.
In the presence of these antigens, spleen lymphocytes from sensitized animals show a S.greater uptake of tritiated thymidine than do control lymphocytes from normal unsensitized animals. The largest incorporation of tritiated thymidine was found in animals stimulated with whole cells or with chioral extract, and these groups showed the greatest inhibition of macrophage migration. $ -8 wThe phagocytosis of C. albicans by peritoneal macrophages of normal mice has been compared with that by cells from mice previously infected with C. albicans.
One hour after the addition of C. albicans cells to normal macrophages a large proportion of the yeast cells could be seen inside the macrophages. After two hours most of these cells, whether inside or outside the macrophages, produced germ tubes and many of the intracellular yeast cells had started to grow out of the macrophages (Fig 3A) . After 4 hours the yeasts were growing rapidly and producing long mycelial filaments hihl brwhich entangled the macrophages (Fig 3B) .
No difference was observed in this process when immune serum was added to the normal macrophages instead of normal serum, nor when macrophages derived from immune mice were used instead of normal macrophages. However, Fig 3 Phagocytosis ofC albicans A byperitoneal there was a marked difference in the timing of mcrophages ofnormal mice two hours after addition of events when macrophages derived from infected yeasts. B, by peritoneal macrophages ofnormal mice, four hours after addition ofyeasts c byperitoneal macrophages ofinfected mice, three hours after addition ofyeasts. x 460 localize somne of the polysaccharides in the cell wall of C. albicans by electron microscopy.
The mannans of both the serotypes consist of highly branched macromolecules. Type A has at least 3 mannan fractions and Type B at least tWo.
The cell wall polysaccharide was found to be only weakly antigeniic mn rabbits and mice while the somatic antigen produced a good immunological response in these animals. A mice were used instead of normal or immune ones. Two hours after the addition of C. albicans cells to these most of the yeast cells could still be seen lying dormant within the macrophages but only an occasional cell had formed a germ tube. After 3 hours a few cells were producing germ tubes but the process is much slower than shown by normal mouse macrophages and no mycelium was seen (Fig 3c) . The macrophages from infected mice showed a much greater ability than did those from normal mice to retain inside them the ingested cells of C. albicans, and delayed the production of germ tubes and mycelium compared with normal or immune macrophages. Infection by C. albicans thus increased the capacity of the macrophages to retain candida inside them and hence helped to prevent dissemination of the organism throughout the host. It has been shown that this enhanced phagocytosis, with delayed release of the free organism, is associated with the development of delayed hypersensitivity (Mackaness 1967) .
By preparing the infrared spectra, it is possible to get a precise comparison of polysaccharides obtained from C. albicans with those from other yeasts. The infrared spectrum of the cell wall polysaccharide of C. albicans is similar to that of a commercial mannan from Saccharomyces cerevisiae, as one would expect (Fig 4) . However, the minute differences between them signify the difference between two species and between pathogenicity and nonpathogenicity.
Protoplasts
Protoplasts have been prepared by digesting C. albicans ( Fig 5) and C. tropicalis (Fig 6) with helicase and other substances. Both antibioticsensitive and antibiotic-resistant organisms have been used, some of them pretreated with sodium thioglycollate. The viable protoplasts retain some pathogenicity on chick embryo inoculation, which is the technique we use for assessing the pathogenicity of candidas (Partridge et al. 1971 ).
These protoplasts are interesting for various reasons; they have been reported in at least one clinical case of candidosis (Rosner 1966) as being pathogenic, and they may give much information about the location of antigens in the cell.
We are now attempting to obtain antigens from protoplasts.
